Abstract. The present study aimed to investigate the role of microRNA (miRNA)-21 in the growth of osteosarcoma. A total of 46 patients with osteosarcoma and 20 healthy controls were included in the study. The expression of miRNA-21 was detected by reverse transcription-quantitative polymerase chain reaction in tumor tissues and adjacent healthy tissues from patients with osteosarcoma, as well as the serum of patients with osteosarcoma and the healthy controls was. Receiver operating characteristic curve analysis was performed to evaluate the diagnostic values of serum miRNA-21 for osteosarcoma at different T stages. Survival curves plotted using the Kaplan-Meier method were used to evaluate the prognostic value. miRNA-21 knockdown osteosarcoma cell lines were established and their effects on cell proliferation were explored using a Cell Counting Kit-8 assay. The effect of miRNA-21 knockdown on the protein expression of phosphatase and tensin homolog (PTEN) and transforming growth factor (TGF)-β1 was detected by western blot analysis. The expression levels of miRNA-21 in tumor tissues were significantly higher compared with the adjacent healthy tissues in the majority of patients with osteosarcoma. The serum miRNA-21 increased as the T-stage of osteosarcoma increased. Serum miRNA-21 may be used to effectively diagnose osteosarcoma and predict the prognosis of the disease. miRNA-21 knockdown inhibited the proliferation of osteosarcoma and promoted the expression of PTEN and TGF-β1 proteins in the osteosarcoma cells. However, TGF-β1 inhibitor treatment reduced the inhibitory effects of miRNA-21 knockdown on osteosarcoma cell proliferation. In conclusion, miRNA-21 inhibition may inhibit osteosarcoma cell proliferation by targeting PTEN and regulating the TGF-β1 signaling pathway.
Introduction
Osteosarcoma, or osteogenic sarcoma, is a type of aggressive malignant neoplasm that originates from bone (1) . Osteosarcoma is a rare type of malignancy that only accounts for about 1% of cancers overall, with an incidence of around 5 per 1,000,000 (2) . In the United States, osteosarcoma affects about 1,000 new patients every year (3) . Osteosarcoma mainly affects young people, and primary conventional osteosarcoma is commonly observed in young patients, while elderly patients are usually affected by secondary osteosarcoma (4) . Although various treatment strategies such as chemotherapy, radiation therapy and immunotherapy are efficient for the disease, treatment outcomes are still unsatisfied (5) and the overall 5-years' survival rate is only about 30% (6) . The development of osteosarcoma is a complex process with various factors that involved. Therefore, the in-depth analyses of the pathogenesis of osteosarcoma will definitely improve the treatment of this disease.
MicroRNA, or miRNA, is a group of non-coding RNAs that composed of approximately 22 nucleotides (7) . miRNAs are widely distributed in animals, plants and even some viruses to play different roles in almost all critical physiological processes and even pathological changes by its functions of post-transcriptional regulation of gene expression and RNA silencing (8) . Oncological studies have also shown that miRNAs are involved in nearly all aspects of the onset, development and progression of different types of malignancies (9) . miRNA-21 is usually highly expressed in various types of cancer to play its oncogenic functions (10) . However, the involvement of miRNA-21 in osteosarcoma, the mechanism and its prognostic as well as diagnostic values still have not been systemically studied.
Materials and methods

Patients.
A total of 46 patients with osteosarcoma were selected in Guangzhou General Hospital of Guangzhou Military Command from January 2010 to January 2012. Those patients were diagnosed as osteosarcoma by pathological miRNA-21 inhibition inhibits osteosarcoma cell proliferation by targeting PTEN and regulating the TGF-β1 signaling pathway and imaging examinations. All patients received surgical resections. Those patients included 26 males and 20 females, and age ranged from 10 to 65 years, with an average age of 32±9.2 years. During surgical operations, cancer tissues and adjacent normal tissues within 0.5 cm around the tumors were collected. Extent of primary tumor was performed according to the criteria established by American Cancer Society. There were 12 cases in T1, 19 cases in T2 and 15 cases in T3 stage. At the same time, 20 healthy controls with similar age and gender distributions were selected to serve as control group. The ethics committee of Guangzhou General Hospital of Guangzhou Military Command approved this study, and all patients signed informed consent. Follow-up study was performed for 6 years to monitor the survival conditions.
Preparation of serum. Fasting blood (5 ml) was extracted from each patient and healthy control on the day of admission. Blood was kept at room temperature for 1.5 h, followed by centrifugation at 2,000 x g for 20 min to collect serum. Serum samples were stored at -80˚C before RNA extraction. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used to extract total RNA from tissues and cells. RNA samples were tested by NanoDrop™ 2000 Spectrophotometers (Thermo Fisher Scientific, Inc.), and only RNA samples with a ratio of A260/A280 between 1.8 and 2.0 were used in reverse transcription to synthesize cDNA using iScript™ cDNA Synthesis kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). PCR reactions were performed using SYBR ® Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, Inc.) on the ABI 7500 System. Primers for miRNA-21 were purchased from Sigma-Aldrich (MIRAP00047; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Primers for endogenous control β-actin were: 5'-GAC CTC TAT GCC AAC ACA GT-3' (forward) and 5'-AGT ACT TGC GCT CAG GAG GA-3' (reverse). PCR reaction conditions were: 95˚C for 45 sec, followed by 40 cycles of 95˚C for 18 sec and 60˚C for 42 sec. Cq values were processed using 2 -ΔΔCq method (11) . Relative expression level of miRNA-21 was normalized to endogenous control β-actin.
Western blotting. Total protein extraction was performed using cell lysis solutions (Thermo Fisher Scientific, Inc.), and protein concentration was determined by BCA method. Electrophoresis (10% SDS-PAGE gel) was performed with 30 µg of protein per lane. Gel transfer to PVDF membrane was performed under 20 V for 1 h. Membranes were blocked with 5% skimmed milk, followed by incubation with primary antibodies including rabbit anti-p-PI3K antibody (1:2,000, ab31392; Abcam, Cambridge, UK), anti-transforming growth factor (TGF)-β1 (1:2,000, ab92486; Abcam) anti-GAPDH primary antibody (1:1,000, ab37168; Abcam) overnight at 4˚C. The next day, membranes were washed for three times and further incubated with anti-rabbit IgG-HRP secondary antibody (1:1,000, MBS435036; MyBioSource, San Diego, CA, USA) at room temperature for 3 h. After washing, ECL (Sigma-Aldrich; Merck KGaA) method was used to detect signals. Images were processed using Image J software to calculate the relative expression level of phosphatase and tensin homolog (PTEN) and TGF-β1 according to endogenous control GAPDH.
Statistical analysis. The data was presented as the mean ± standard deviation. SPSS v. 19.0 (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses. Measurement data were expressed by mean ± standard deviation, and comparisons between two groups were performed using an unpaired t-test, and comparisons among multiple groups were performed by one-way analysis of variance and the LSD post hoc test. Gender was compared using a Chi-square test. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of expression levels of miRNA-21 in tumor and adjacent healthy tissues of osteosarcoma patients.
Expression of miRNA-21 in tumor tissues and adjacent healthy tissues of osteosarcoma patients was detected by RT-qPCR. As shown in Fig. 1 , although differential expression levels of miRNA-21 in tumor tissues or adjacent healthy tissues were found among patients, expression levels of miRNA-21 were significantly higher in tumor tissues than those in adjacent healthy tissues in 45 out of 46 patients. Those data suggest that miRNA-21 overexpression is very likely involved in the pathogenesis of osteosarcoma.
Serum levels of miRNA-21 increased with the increased T stage of osteosarcoma.
Patients with osteosarcoma (n=46) were divided into T1, T2 and T3 groups according to T staging. Compared with healthy controls, serum levels of miRNA-21 were significantly increased in patients with different T stages (P<0.05 or P<0.01; Fig. 2 ). In addition, serum levels of miRNA-21 were also increased with the increased T stage.
Diagnostic values of serum levels of miRNA-21 for patients with different stages of osteosarcoma. ROC curve analysis was performed to evaluate the diagnostic values of serum levels of miRNA-21 for patients with different stages of osteosarcoma (Fig. 3) . The area under the curve (AUC) of serum levels of miRNA-21 in the diagnosis of T1 osteosarcoma was 0.7750 with 95% confident interval of 0.6037 to 0.9463 (P=0.01023), AUC for T2 osteosarcoma was 0.9224 with 95% confident interval of 0.8276 to 1.017 (P<0.0001), and AUC for T3 osteosarcoma was 0.9967 with 95% confident interval of 0.9856 to 1.008 (P<0.0001). Those data suggest that serum levels of miRNA-21 can be used to accurately diagnose osteosarcoma, especially cases in advanced stages.
Prognostic values of serum levels of miRNA-21 for patients with osteosarcoma. According to the median serum level of miRNA-21, patients were divided into high level and low level groups. Survival curves of those two groups were plotted using Kaplan-Meier method and were compared by log rank t-test to evaluate the prognostic value of serum miRNA-21 for osteosarcoma. As shown in Fig. 4 , overall survival rate of osteosarcoma patient with high serum level of miRNA-21 was significantly lower than that of patients with low serum level of miRNA-21 (P<0.05). 
miRNA-21 knockdown promoted PTEN and TGF-β1 expression in osteosarcoma cells.
It is known that miRNA-21 can target PTEN to achieve its biological function in glioblastoma (12) . In addition, miRNA-21 can also regulate TGF-β1 pathway to negatively regulate Treg cells (13) . PTEN and TGF-β1 expression have been proved to participate in proliferation of certain types of tumor cells (14, 15) . In this study, miRNA-21 knockdown significantly promoted the expression of PTEN and TGF-β1 in both of osteosarcoma cell lines (Fig. 6) . PTEN is considered to be a tumor suppressor gene (12) and TGF-β1 has anti-proliferative activity. Those data indicate that inhibition of miRNA-21 can inhibit osteosarcoma cell proliferation by reducing the expression level of PTEN and TGF-β1.
TGF-β1 inhibitor treatment reduced the inhibitory effects of miRNA-21 knockdown on osteosarcoma cell proliferation.
Our data have shown that miRNA-21 knockdown-mediated increased expression level of TGF-β1 is related with the reduced proliferation rate of osteosarcoma cells. Therefore, TGF-β1 inhibitor SB431542 (10 nM) was used to treat cells of two osteosarcoma cell lines. As shown in Fig. 7 , proliferation rate of osteosarcoma cells was lower than that of control cells but higher than that of cells with SB431542 treatment and miRNA-21 knockdown. Those data suggest that TGF-β1 inhibitor treatment can reduce the inhibitory effects of miRNA-21 knockdown on osteosarcoma cell proliferation.
Discussion
miRNAs have been proved to play critical roles in the pathogenesis of osteosarcoma (16) . Expression of microRNA-199a-3p was downregulated in osteosarcoma tissues comparing with adjacent healthy tissues, and the increased expression level of microRNA-199a-3p is responsible for increased proliferation and migration rates of cancer cells (17) . miRNA-218 is also downregulated in osteosarcoma to play a role as tumor suppressor by inhibiting tumor cell migration and invasion (18) . miRNA-21 is usually highly expressed in various types of cancer to play its oncogenic functions (19, 20) . In our study, expression levels of miRNA-21 were significantly higher in tumor tissues than those in adjacent healthy tissues in 45 out of 46 patients. In addition, serum levels of miRNA-21 were also significantly higher in osteosarcoma patients than those in normal controls. Besides that, serum levels of miRNA-21 were increased with the increased T stage of osteosarcoma.
All those results suggestion that upregulation of miRNA-21 expression is involved in the development of osteosarcoma. miRNA-21 plays its oncogenic functions at least partially by promoting the proliferation of cancer cells, so as to accelerate the growth of tumors (21) . In this study, inhibition of miRNA-21 expression significantly promoted the proliferation of two osteosarcoma cell lines, indicating that inhibition of miRNA-21 expression may serve as a potential target for the clinical treatment of osteosarcoma.
Development of pathological processes is usually accompanied by changes of certain substances in blood, and the detection of those substances may provide useful information for diagnosis and prognosis of certain diseases (22) . Abnormal expression of miRNA-21 has been proved to serve as promising diagnostic biomarkers for certain types of cancers such as cervical cancer (23) . In our study, ROC curve analysis showed that serum levels of miRNA-21 can be used to effectively diagnose osteosarcoma, and the diagnostic value was increased with the increased T stage of osteosarcoma. Increased expression level of miRNA-21 has been proved to be closely correlated with poor prognosis of some types of cancers such as glioma (24) . In our study, survival curves of those two groups were plotted using Kaplan-Meier method and compared by log rank t test to evaluate the prognostic value of serum miRNA-21 for osteosarcoma. We found that the overall survival rate of osteosarcoma patients with high serum level of miRNA-21 was significantly lower than that of patients with low serum level of miRNA-21. Those data suggest that serum miRNA-21 may serve as a promising prognostic and diagnostic biomarker for osteosarcoma.
In the study of triple-negative breast cancer, miRNA-21 was proved to promote the proliferation of cancer cells by targeting PTEN to reduce its expression level (21) . TGF-β1 plays different roles in different aspects of the cancer pathogenesis. On one hand, TGF-β1 reduces cell proliferation rate by inhibiting cell cycle. On the other hand, TGF-β1 promotes cell migration and invasion (15) . In this study, miRNA-21 knockdown significantly promoted the expression of PTEN and TGF-β1 in both of the osteosarcoma cell lines. In addition, TGF-β1 inhibitor treatment significantly reduced the inhibitory effects of miRNA-21 knockdown on osteosarcoma cell proliferation. Those data indicate that inhibition of miRNA-21 can inhibit osteosarcoma cell proliferation by reducing the expression level of PTEN and TGF-β1. We tried to identify the target site of miRNA-21 on TGF-β1, but no promising target sequence was found. Therefore miRNA-21 may target the upstream regulator of TGF-β1 to indirectly regulate its expression.
It is worth to note that the application of miRNA-21 as a prognostic marker for osteosarcoma has been evaluated be a previous study (25) . Several other studies also reported the involvement of miRNA-21 in osteosarcoma (20, 26) . However, in those studies the mechanism of the action of miRNA-21 in osteosarcoma has not been investigated. Our study reported the mechanism of the function of miRNA-21 in this disease.
In conclusion, expression levels of miRNA-21 were significantly higher in tumor tissues than those in adjacent healthy tissues of most osteosarcoma patients. Serum levels of miRNA-21 were increased with the increased T stage of osteosarcoma. Serum miRNA-21 can be used to effectively diagnose osteosarcoma and predict the prognosis of the disease. miRNA-21 knockdown inhibited proliferation of osteosarcoma and promoted the expression of PTEN and TGF-β1 proteins in those cells, while TGF-β1 inhibitor treatment reduced the inhibitory effects of miRNA-21 knockdown on osteosarcoma cell proliferation. Therefore, we conclude that miRNA-21 expression inhibition can inhibit osteosarcoma cell proliferation by targeting PTEN and regulating TGF-β1 pathway. However, osteosarcoma is a rare type of cancer, leading to the small sample size in this study. Future studies with bigger sample size are still needed to further confirm the conclusions in this study.
